A New Architecture for the U.S. National Accounts by W. Erwin Diewert
This PDF is a selection from a published volume from the
National Bureau of Economic Research
Volume Title: A New Architecture for the U.S. National
Accounts
Volume Author/Editor: Dale W. Jorgenson, J. Steven Landefeld,
and William D. Nordhaus, editors
Volume Publisher: University of Chicago Press
Volume ISBN: 0-226-41084-6
Volume URL: http://www.nber.org/books/jorg06-1
Conference Date: April 16-17, 2004
Publication Date: May 2006
Title: Comment on "Aggregation Issues in Integrating and
Accelerating the BEA
Author: W. Erwin Diewert,
URL: http://www.nber.org/chapters/c0140References
Dumagan, Jesus C. 2002. Exact income-side contributions to percent change in
GDP. U.S. Department of Commerce. Mimeograph, August.
Diewert, Erwin W. 1978. Superlative index numbers and consistency in aggregation.
Econometrica 46 (4): 883–900. Repr. in Essays in index number theory, Vol. 1, ed.
W. E. Diewert and A. O. Nakamura, 253–73, Amsterdam: North Holland, 1993.
Faruqui, Umar, Wulong Gu, Mustapha Kaci, Mireille Laroch, and Jean-Pierre
Maynard. 2003. Diﬀerences in productivity growth: Canadian-U.S. business sec-
tors, 1987–2000. Monthly Labor Review 126 (4): 16–29.
Lawson, Ann M., Kurt S. Bersani, Mahnaz Fahim-Nader, and Jiemin Guo. 2002.
Benchmark input-output accounts of the United States, 1997. Survey of Current
Business 82 (December): 19–109.
McCahill, Robert J., and Brian C. Moyer. 2002. Gross domestic product by indus-
try for 1999–2001. Survey of Current Business 82 (November): 23–41.
Moyer, Brian C., Mark A. Planting, Mahnaz Fahim-Nader, and Sherlene K. S.
Lum. 2004. Preview of the comprehensive revision of the annual industry ac-
counts. Survey of Current Business 84 (March): 38–51.
Moyer, Brian C., Mark A. Planting, Paul V. Kern, and Abigail Kish. 2004. Im-
proved annual industry accounts for 1998–2003. Survey of Current Business 84
(June): 21–57.
Reinsdorf, Marshall B., W. Erwin Diewert, and Christian Ehemann. 2002. Additive
decompositions for Fisher, Törnqvist and geometric mean indexes. Journal of
Economic and Social Measurement 28:51–61.
United Nations, Commission of the European Communities, International Mon-
etary Fund, Organisation for Economic Co-operation and Development, and
World Bank. 1993. System of national accounts 1993. Series F, no. 2, rev. 4. New
York: United Nations.
van IJzeren, J. 1952. Over de plausibiliteit van Fisher’s Ideale Indices [On the plau-
sibility of Fisher’s Ideal Indices]. Statistische en Econometrische Onderzoekingen
7 (2): 104–15.
Vartia, Y. O. 1976. Ideal log-change index numbers. Scandinavian Journal of Sta-
tistics 3:121–26.
Yuskavage, Robert E. 1996. Gross product by industry, 1959–94. Survey of Current
Business 82 (August): 133–55.
———. 2000. Priorities for industry accounts at BEA. Paper presented at a meet-
ing of the BEA Advisory Committee, November 17. Available at http://www.bea/
gov/bea/papers/
Comment W. Erwin Diewert
Introduction
Moyer, Reinsdorf, and Yuskavage address a number of important and
interesting issues in their chapter. They ﬁrst review the fact that (nominal)
GDP can in theory be calculated in three equivalent ways:
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research associate of the National Bureau of Economic Research.• By summing ﬁnal demand expenditures
• By summing value added1 over all industries
• By summing over all sources of income received
However, the authors go beyond this well-known fact2and show that un-
der certain conditions, real GDP that is constructed by aggregating over the
components of ﬁnal demand is exactly equal to real GDP that is constructed
by aggregating over the components of each industry’s gross outputs less in-
termediate inputs, provided that the Laspeyres, Paasche, or Fisher (1922)
ideal formula is used in order to construct the real quantity aggregates.3
This index number equivalence result is the most important result in the
chapter.4
When the BEA calculates the rate of growth of GDP using a chained
Fisher ideal index, it also provides a sources of growth decomposition; that
is, it provides an additive decomposition of the overall growth rate into a
number of subcomponents or contributions of the subcomponents to the
overall growth rate. Thus, the growth contributions of C   I   G   X – M
add up to the overall growth of GDP.5 However, many analysts are inter-
ested in the contributions to overall GDP growth of particular industriesas
opposed to the contributions of particular components of ﬁnal demand.
The index number equivalence result derived by Moyer, Reinsdorf, and
Yuskavage means that if their conditions for the result to hold are satisﬁed,
then industry contributions to growth can be calculated that will exactly add
up to total GDP growth, provided that the Fisher formula is used.
What are the authors’ conditions for the equivalence result to hold?
Some of the more important conditions are
• Accurate industry value data on gross outputs and intermediate in-
puts that sum up to the components of ﬁnal demand in value terms
must be available for the two periods in the index number comparison.
• For each commodity produced or used as an intermediate input in the
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1. Value added is deﬁned as the value of gross outputs produced over the reference period
minus the value of intermediate inputs used during the period. An intermediate input is de-
ﬁned as an input that has been produced by some other domestic or foreign producer.
2. See, for example, Hicks (1952).
3. When calculating Fisher, Laspeyres, or Paasche price or quantity indexes of value added
for an industry, all prices are entered as positive numbers but the corresponding quantities are
positive or negative numbers depending on whether the particular commodity is being pro-
duced as an output (entered as a positive quantity) or being used as an input (entered as a neg-
ative quantity).
4. Their result is generalized somewhat in Reinsdorf and Yuskavage (2004).
5. The particular Fisher decomposition formula being used by the BEA is due originally to
Van Ijzeren (1987, 6). This decomposition was also derived by Dikhanov (1997), Moulton
and Seskin (1999, 16), and Ehemann, Katz, and Moulton (2002). An alternative additive de-
composition for the Fisher index was obtained by Diewert (2002) and Reinsdorf, Diewert,
and Ehemann (2002). This second decomposition has an economic interpretation; see Diew-
ert (2002). However, the two decompositions approximate each other fairly closely; see Reins-
dorf, Diewert, and Ehemann (2002).economy, the price faced by ﬁnal demanders and by suppliers of that
commodity must be the same for all demanders and suppliers.
• Commodity taxes are small enough in magnitude that they can be ig-
nored.
The authors note that in practice, the ﬁrst condition listed above is not
satisﬁed for various reasons. We will not focus our discussion on this par-
ticular assumption. However, in the next section, we will attempt to ﬁnd a
counterpart to the Moyer, Reinsdorf, and Yuskavage equivalence result
when commodity prices are not constant across demanders and suppliers
of a particular commodity. In the upcoming section, we assume that there
are no commodity taxes to worry about, but in the following section we
again attempt to ﬁnd a counterpart to the authors’ equivalence result when
there are commodity taxes on ﬁnal outputs and possibly also on interme-
diate inputs. The ﬁnal section concludes by looking at some of the impli-
cations of our results for statistical agencies and their data collection and
presentation strategies.
Input-Output Accounts with No Commodity Taxes
In this section, we will address some of the problems associated with the
construction of input-output tables for an economy, in both real and nom-
inal terms. We will defer the problems that the existence of commodity
taxes causes until the next section. However, in the present section, we will
allow for a complication that makes the construction of input output tables
somewhat diﬃcult and that is the existence of transportation margins. The
problem occurs when real input-output tables are constructed. Moyer,
Reinsdorf, and Yuskavage note that the industry method for constructing
real GDP will coincide with the usual ﬁnal-demand method for construct-
ing real GDP, provided that the deﬂator for any commodity is the same
wherever that commodity is used or produced. In fact, in their empirical
work, they make use of this assumption since independent deﬂators for all
of the cells of the use and make matrices are generally not available and
hence ﬁnal demand deﬂators or selected gross output deﬂators are used as
proxy deﬂators throughout the input-output tables. However, when an in-
dustry produces a commodity, its selling price will be less than the purchase
price for the same commodity from ﬁnal and intermediate demanders of
the good, due to the costs of shipping the good from the factory gate to the
geographic location of the purchasing unit. In addition, there may be var-
ious marketing and selling costs that need to be added to the manufac-
turer’s factory gate price.
In the present section, we will address the problem of accounting for
transportation margins in the simplest possible model of industry structure
where there will be one industry (industry M) that produces a good (com-
modity 1), one industry (industry S) that produces a service (commodity 2),
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or to the service industry.7 The transportation service will be regarded as
commodity 3. We assume that the service output does not require trans-
portation inputs to be delivered to purchasers of services.
Table 7C.1combines the make and use matrices for the value ﬂows in this
highly simpliﬁed economy into a single input-output table. The industry
M, S, and T columns list the sales of goods and services (plus signs are as-
sociated with sales) and the purchases of intermediate inputs (minus signs
are associated with purchases) for each of the three inputs. The ﬁnal de-
mand columngives the total of the industry sales less industry intermediate
input purchases for rows 1 to 4 over the three industries in the economy.
Row 5 in table 7C.1 sums all of the transactions in the industry M, S, and
T columns and thus is equal to industry value added(the value of gross out-
puts produced less the value of intermediate inputs used by the industry).
The entry in row 5 of the ﬁnal demand column is nominal GDP, and it is
equal to both the sum of the ﬁnal demands above it and to the sum of the
industry M, S, and T value added along the last row of the table.
Rows 1 to 3 of table 7C.1 lists the transactions involving the manufac-
tured good, commodity 1. We will explain these transactions and the asso-
ciated notation row by row. In the industry M row 1 entry, we list the value




number of units sold to the service sector and p1
MSis the average sales price.8
Also in the industry M row 1 entry, we list the value of manufactured goods
sold to the ﬁnal demand sector, p1
MFq1
MF, where q1
MF is the number of units
sold to the ﬁnal demand sector and p1
MS is the corresponding average sales
price. Note that p1
MS will usually not equal p1
MF; that is, for a variety of rea-
sons, the average selling price of the manufactured good to the two sectors
that demand the good will usually be diﬀerent.9 Now p1
MSq1
MS   p1
MFq1
MF is
the total revenue received by industry M during the period under consid-
eration, but it will not be the total cost paid by the receiving sectors due to
the existence of transport costs. Thus in row 1 of table 7C.1, we show the
transportation industry as purchasing the goods from industry M, which




MF. The sum of the row 1 entries across
the three entries is 0, and so the row 1 entry for the ﬁnal demand column is
left empty and corresponds to a 0 entry. Turning now to the row 2 entries,
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6. In this highly simpliﬁed model, we will have only one ﬁnal demand sector and we neglect
the problems posed by imported goods and services. The transportation industry can be
thought of as an aggregate of the transportation, advertising, wholesaling, and retailing in-
dustries.
7. Service industries generally require some materials in order to produce their outputs.
8. Hence this price will be a unit value price over all sales of commodity 1 to the service sector.
9. Even if there is no price discrimination on the part of industry M at any point in time, the
price of good 1 will usually vary over the reference period, and hence if the proportion of daily
sales varies between the two sectors, the corresponding period average prices for the two sec-
tors will be diﬀerent.the industry T row 2 entry shows the transportation industry selling com-




MF for this sale. This revenue consists of the initial cost of the goods
delivered at the manufacturer’s gate, p1
MFq1
MF, plus revenue received by the
transportation sector for delivering good 1 from the manufacturing plant
to the ﬁnal demand sector, p3
MFq1
MF. Thus we are measuring the quantity of
transportation services in terms of the number of goods delivered to the ﬁ-
nal demand sector, q1
MF, and the corresponding average delivery price is
p3
MF, which can be interpreted as a transportation markup or margin rate.10
Turning now to the row 3 entries, the industry T row 3 entry shows the
transportation industry selling commodity 1 to the service sector and get-
ting the revenue (p1
MS   p3
MS)q1
MS for this sale. This revenue consists of the
initial cost of the goods delivered at the manufacturer’s gate, p1
MSq1
MS, plus
revenue received by the transportation sector for delivering good 1 from
the manufacturing plant to the service sector, p3
MSq1
MS. Thus we are mea-
suring the quantity of transportation services in terms of the number of
goods delivered to the services sector, q1
MS, and the corresponding average
delivery price is p3
MS, which again can be interpreted as a transportation
markup or margin rate. There is no reason to expect the transportation
margin rates p3
MS and p3
MF to be identical since the costs of delivery to the
two purchasing sectors could be very diﬀerent.
Row 4 of table 7C.1 lists the transactions involving services, commodity
2. The industry S row 4 entry, p2
SMq2
SM   p2
SFq2
SF, lists the value of services
output delivered to the manufacturing industry, p2
SMq2
SM, plus the value of
services output delivered to the ﬁnal demand sector, p2
SFq2
SF. The quantities
delivered to the two sectors are q2
SMand q2
SF, and the corresponding average
prices are p2
SM and p2
SF. As usual, there is no reason to expect that these two
service prices should be identical. The term –p2
SMq2
SMappears in row 4 of the
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10. Actually, p3
MF should be interpreted more broadly as a combination of transport costs
and selling costs, which would include retailing and wholesaling margins.
Table 7C.1 Detailed input-output table in current dollars with no taxes

























































Note: Blank cells signify a 0 entry.industry M column, since this represents the cost of services to the M sec-
tor. Similarly, the term SF
2q2
SF appears in row 4 of the ﬁnal demand column,
since this represents the value of services delivered to the ﬁnal demand sec-
tor, and this amount is also equal to the sum of the M, S, and T entries for
row 4.
Note that every transaction listed in rows 1–4 of table 7C.1 has a sepa-
rate purchaser and seller, and so the principles of double-entry bookkeep-
ing are respected in this table.11
The entries in row 5 for the M, S, and T columns are the simple sums of
the entries in rows 1–4 for each column and are equal to the corresponding







SM, the value of manufacturing output at factory gate
prices less purchases of services. The industry S value added is equal to
p2
SMq2
SM   p2
SFq2
SF –(p1
MS   p3
MS)q1
MS, the value of services output less the
value of materials purchases but at prices that include the transportation





the product of the transportation margin rate times the amount shipped,
summed over the deliveries of transport services to the ﬁnal demand sec-
tor, p3
MFq1
MF, and to the services sector, p3
MSq1
MS. Finally, the entry in row 5 of
the last column is equal to both the sum of industry value added over in-
dustries or to the sum of commodity ﬁnal demands, (p1





SF. Note that the ﬁnal demand price for the good (commodity 1) is p1
MF
  p3
MF, which is equal to industry M’s factory gate price, p1
MF, plus the
transportation margin rate, p3
MF, that is, the ﬁnal demand price for the good
has imbedded in it transportation (and other selling) costs.
Looking at table 7C.1, it can be seen that there are three ways that we
could calculate a Laspeyres quantity index of net outputs for the economy
that the table represents:
• Look at the nonzero cells in the 4   3 matrix of input output values of
outputs and inputs for the economy represented by rows 1–4 and col-
umns M, S, and T and sum up these nonzero cells into ten distinct p nqn
transactions.
• Look at the row 5, column M, S, and T entries for the industry value
added components and sum up these cells into eight distinct transac-
tions.
• Look at rows 1–4 of the ﬁnal demand column and sum up the nonzero
cells into two distinct p nqn transactions.12
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11. Our notation is unfortunately much more complicated than the notation that is typi-
cally used in explaining input-output tables because we do not assume that each commodity
trades across demanders and suppliers at the same price. Thus, our notation distinguishes
three superscripts or subscripts instead of the usual two: we require two superscripts to dis-
tinguish the selling and purchasing sectors and one additional subscript to distinguish the
commodity involved in each transaction. This type of setup was used in Diewert (2004b).
12. The ﬁrst p nqn is (p1
MF   p3
MF)q1
MF and the second p nqn is p2
SF q2
SF.Denote the ten-dimensional p and q vectors that correspond to the ﬁrst
detailed cell method of aggregating over commodities listed above as pIO
and qIOrespectively, denote the eight-dimensional pand qvectors that cor-
respond to the second value-added method of aggregating over commodi-
ties listed above as pVA and qVA respectively and denote the two-dimensional
p and q vectors that correspond to the third aggregation over ﬁnal demand
components method of aggregating over commodities listed above as pFD
and qFDrespectively.13Add a superscript tto denote these vectors evaluated
at the data pertaining to period t. Then it is obvious that the inner products
of each of these three period-tprice and quantity vectors are all equal since
they are each equal to period-t nominal GDP; that is, we have
(1) pIOt   qIOt   pVA t   qVA t   pFDt   qFDt; t   0, 1.
What is not immediately obvious is that the inner products of the three
sets of price and quantity vectors are also equal if the price vectors are eval-
uated at the prices of one period and the corresponding quantity vectors
are evaluated at the quantities of another period; that is, we also have, for
periods 0 and 1, the following equalities:14
(2) pIO1   qIO0   pVA 1   qVA 0   pFD1   qFD0
(3) pIO0   qIO1   pVA 0 dot qVA 1   pFD0   qFD1
Laspeyres and Paasche quantity indexes that compare the quantities of
period 1 to those of period 0 can be deﬁned as follows:
(4) QL
IO(pIO0, pIO1, qIO0, qIO1)   ;
QL
VA(pVA 0, pVA 1, qVA 0, qVA 1)   ;
QL
FD(pFD0, pFD1, qFD0, qFD1)   ;
(5) QP
IO(pIO0, pIO1, qIO0, qIO1)   ;
QP
VA(pVA 0, pVA 1, qVA 0, qVA 1)   ;
QP
FD(pFD0, pFD1, qFD0, qFD1)   .
pFD1   qFD1
  
pFD1   qFD0
pVA 1   qVA 1
  
pVA 1   qVA 0
pIO1   qIO1
  
pIO1   qIO0
pFD0   qFD1
  
pFD0   qFD0
pVA 0   qVA 1
  
pVA 0   qVA 0
pIO0   qIO1
  
pIO0   qIO0
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13. All prices are positive, but if a quantity is an input it is given a negative sign.
14. The proof follows by a set of straightforward computations.Using equations (1) and (3) and the deﬁnitions in equation (4), it can be
seen that all three Laspeyres indexes of real output are equal; that is, we have
(6) QL
IO(pIO0, pIO1, qIO0, qIO1)   QL
VA(pVA 0, pVA 1, qVA 0, qVA 1) 
  QL
FD(pFD0, pFD1, qFD0, qFD1).
Using equations (1) and (2) and the deﬁnitions in equation (5), it can be
seen that all three Paasche indexes of real output are equal; that is, we have
(7) QP
IO(pIO0, pIO1, qIO0, qIO1)   QP
VA(pVA 0, pVA 1, qVA 0, qVA 1) 
  QP
FD(pFD0, pFD1, qFD0, qFD1).
Since a Fisher ideal quantity index is the square root of the product of a
Laspeyres and Paasche quantity index, it can be seen that equations (6) and
(7) imply that all three Fisher quantity indexes, constructed by aggregating
over input-output table cells or by aggregating over industry value added
components or by aggregating over ﬁnal demand components, are equal;
that is, we have
(8) QF
IO(pIO0, pIO1, qIO0, qIO1)   QF
VA(pVA 0, pVA 1, qVA 0, qVA 1) 
  QF
FD(pFD0, pFD1, qFD0, qFD1).
The above results extend to more complex input-output frameworks
provided that all transactions between each pair of sectors in the model are
accounted for in the model. Thus, we have extended the results of Moyer,
Reinsdorf, and Yuskavage to input-output models where prices are not
constant across industries.15
It is well known that the Laspeyres and Paasche quantity indexes are
consistent in aggregation. Thus, if we construct Laspeyres indexes of real
value added by industry in the ﬁrst stage of aggregation and then use the
resulting industry prices and quantities as inputs into a second stage of
Laspeyres aggregation, then the resulting two-stage Laspeyres quantity in-
dex is equal to the corresponding single-stage index, QL
IO(pIO0, pIO1, qIO0,
qIO1). Similarly, if we construct Paasche indexes of real value added by in-
dustry in the ﬁrst stage of aggregation and then use the resulting industry
prices and quantities as inputs into a second stage of Paasche aggregation,
then the resulting two-stage Paasche quantity index is equal to the corre-
sponding single-stage index, QP
IO(pIO0, pIO1, qIO0, qIO1). Unfortunately, the
corresponding result does not hold for the Fisher index. However, the two-
stage Fisher quantity index usually will be quite close to the corresponding
single-stage index, QF
IO(pIO0, pIO1, qIO0, qIO1).16
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15. The exact index number results in equation (8) were also derived by Diewert (2004b,
497–507) in an input-output model with no commodity taxes but with transportation margins
and hence unequal prices.
16. See Diewert (1978, 889).We are not quite through with table 7C.1. In the remainder of this sec-
tion, we provide some consolidations of the entries in table 7C.1 and derive
some alternative input output tables that could be useful in applications.
Table 7C.2 represents a consolidation of the information presented in
table 7C.1. First, we sum the entries in rows 1 to 3 of table 7C.1 for each in-
dustry column. Recall that the entries in rows 1 to 3 represent the transac-
tions involving the output of industry M. Second, we separate out from the
sum of the entries over rows 1–3 all of the transactions involving the trans-
portation price p3 and put these entries in a separate row, which is row 3 in
table 7C.2. The sum of the row 1–3 entries in table 7C.1 less row 3 in table
7C.2 is row 1 in table 7C.2. Row 2 in table 7C.2 is equal to row 4 in table
7C.1 and gives the allocation of the service commodity across sectors.
Table 7C.2 resembles a traditional input-output table. Rows 1 to 3 cor-
respond to transactions involving commodities 1–3, respectively, and each
industry gross output is divided between deliveries to the other industries
and to the ﬁnal demand sector. Thus the industry M row 1 entry in table
7C.2 gives the value of goods production delivered to the service sector,
p1
MSq1
MS, plus the value delivered to the ﬁnal demand sector, p1
MFq1
MF. Note
that these deliveries are at the prices actually received by industry M; that
is, transportation and selling margins are excluded. Similarly, the industry
S row 2 entry gives the value of services production delivered to the goods
sector, p2
SMq2
SM, plus the value delivered to the ﬁnal demand sector, p2
SFq2
SF.
Finally, the industry T row 3 entry gives the value of transportation (and
selling) services delivered to the services sector, p3
MSq3
MS, plus the value de-
livered to the ﬁnal demand sector, p3
MSq3
MF. If we summed the entries in rows
1–3 for each column in table 7C.2, we would obtain row 5 in table 7C.1,
which gives the value added for columns M, S, and T and GDP for the last
column. Thus, the new table 7C.2 does not change any of the industry value
added aggregates listed in the last row of table 7C.1.
Although table 7C.2 looks a lot simpler than table 7C.1, there is a cost to
working with table 7C.2 compared to table 7C.1. In table 7C.1, there were
two components of ﬁnal demand, (p1





components are deliveries to ﬁnal demand of goods at ﬁnal demand prices
(which include transportation margins) and deliveries of services to ﬁnal
demand. In table 7C.2, the old goods deliveries to ﬁnal demand component
is broken up into two separate components, p1
MFq1
MF (deliveries of goods to
Aggregation Issues in Integrating and Accelerating the BEA’s Accounts 295
Table 7C.2 Consolidated current-dollar table with transportation detail



























MFﬁnal demand at factory gate prices), and p3
MFq1
MF, the transport costs of
shipping the goods from the factory gate to the ﬁnal demander. Thus, table
7C.2 requires that information on transportation margins be available; that
is, information on both producer prices and margins be available whereas
GDP could be evaluated using the last column in table 7C.1, which re-
quired information only on ﬁnal demand prices.17
Looking at table 7C.2, it can be seen that it is unlikely that commodity
prices are constant along the components of each row. This is unfortunate
since it means that in order to construct accurate productivity statistics for
each industry, it generally will be necessary to construct separate price deﬂa-
tors for each nonzero cell in the input-output tables.
Table 7C.2 allows us yet another way that real GDP for the economy can
be constructed. For this fourth method for constructing Laspeyres,
Paasche, and Fisher output indexes for the economy, we could use the nine
nonzero p nqnvalues that appear in the nonzero components of rows 1–3 and
the M, S, and T columns of table 7C.2 and use the corresponding p and q
vectors of dimension 9 as inputs into the Laspeyres, Paasche, and Fisher
quantity index formulae. It is easy to extend the string of equations (6), (7),
and (8) to cover these new indexes. Thus we have a fourth method for con-
structing a Fisher output index that will give the same answer as the previ-
ous three methods.
The real input-output table that corresponds to the nominal value input-
output table 7C.2 is table 7C.3.
The entries in row 1 of table 7C.3 are straightforward: the total produc-
tion of goods by industry M, q1
MS q1
MF, is allocated to the intermediate in-
put use by industry S (q1
MS) and to the ﬁnal demand sector (q1
MF). Similarly,
the entries row 2 of table 7C.3 are straightforward: the total production of
services by industry S, q2
MS   q2
SF, is allocated to the intermediate input use
by industry M (q2
SM) and to the ﬁnal demand sector (q2
SF). However, the en-
tries in row 3 of table 7C.3 are a bit surprising in that they are essentially
the same as the entries in row 1. This is due to the fact that we have mea-
sured transportation services in quantity units that are equal to the num-
ber of units of the manufactured good that are delivered to each sector.
We conclude this section by providing a further consolidation of the
nominal input-output table 7C.2. Thus in table 7C.4, we aggregate the
transportation industry with the goods industry and add the entries in row
3 of table 7C.2 to the corresponding entries in row 1; that is, we aggregate
the transportation commodity with the corresponding good commodity
that is being transported.
Row 1 in table 7C.4 allocates the good across the service industry and the
ﬁnal demand sector. Thus, the value of goods output produced by industry
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17. Of course, in order to evaluate all of the cells in the input output tables represented by
tables 7C.1 or 7C.2, we would require information on transportation margins in any case.M   T is (p1
MS   p3
MS)q1
MS   (p1
MF   p3
MF)q1
MF and hence purchasers’ prices
are used in valuing these outputs. The value of deliveries to the services and





MF   p3
MF)q1
MF respectively. The row 2 entries in table 7C.4,
which allocate the service-sector outputs across demanders, are the same
as the row 2 entries in table 7C.2. Row 3 in table 7C.4 gives the sum of the
entries in rows 1 and 2 for each column. Thus the row 3, column (1) entry
gives the value added of the combined goods producing and transportation
industries while the row 3, industry S entry gives the value added for the
services industry. The ﬁnal demand entry in row 3 of table 7C.4 is the nom-
inal value of GDP, as usual.
Looking at table 7C.4, it can be seen that it is unlikely that commodity
prices are constant along the components of each row. Again, this is un-
fortunate since it means that in order to construct accurate productivity sta-
tistics for each industry, it generally will be necessary to construct separate
price deﬂators for each nonzero cell in the input-output tables.
Table 7C.4 allows us yet another way that real GDP for the economy can
be constructed. For this ﬁfth method for constructing Laspeyres, Paasche,
and Fisher output indexes for the economy, we could use the six nonzero
p nqnvalues that appear in rows 1 and 2 and columns (1) and (2) of table 7C.4
and use the corresponding pand qvectors of dimension 6 as inputs into the
Laspeyres, Paasche, and Fisher quantity index formulae. It is easy to ex-
tend the string of equations (6), (7), and (8) to cover these new indexes.
Thus we have a ﬁfth method for constructing a Fisher output index that
will give the same answer as the previous four methods.
The organization of production statistics that is represented by table
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Table 7C.3 Consolidated constant-dollar table with transportation detail
















Table 7C.4 Consolidated current-dollar table with no transportation detail













































MS7C.4 is convenient for some purposes, in that outputs are valued consis-
tently at ﬁnal demand prices. However, it has the disadvantage that the
transportation, retailing, and wholesaling industries have disappeared,
which means that these margins have to be imputed to the goods-
producing industries. Moreover, the primary inputs that are used by the
transportation, retailing, and wholesaling industries would also have to be
allocated to goods-producing industries. It is unlikely that users of indus-
try production statistics would welcome these changes. Thus we conclude
that organizing production statistics according to the layout in table 7C.2
would be preferable for most purposes.
In the following section, we introduce commodity taxes into our highly
simpliﬁed model of the industrial structure of the economy.
Input-Output Tables When There are Commodity Taxes
Although governments in the United States do not impose very large
commodity taxes on production as compared to many European countries,
U.S. commodity taxes are large enough so that they cannot be ignored.
We return to the production model that corresponds to table 7C.1 in the
previous section but we now assume that there is the possibility of a com-
modity tax falling on the output of each industry. In order to minimize no-
tational complexities, we assume that each producing industry collects
these commodity taxes and remits them to the appropriate level of govern-
ment. Thus industry M collects the tax revenue t1
MSq1
MSon its sales of goods
to industry S and the tax revenue t1
MFq1
MF on its sales to the ﬁnal demand
sector so that t1
MS and t1
MF are the speciﬁc tax rates that are applicable
(across all levels of government) on sales of goods to the service industry
and to the ﬁnal demand sector respectively.18 Similarly, industry S collects
the tax revenue t2
SMq2
SMon its sales of services to industry M and the tax rev-
enue t2
SFq2
SF on its sales to the ﬁnal demand sector. Finally, industry T col-
lects the tax revenue t3
MSq1
MS on its sales of transportation services to indus-
try S and the tax revenue t3
MFq1
MF on its sales of transportation services to
the ﬁnal demand sector.
We now add the commodity taxes collected by each industry to the old
industry revenues that appeared in table 7C.1. Thus the old revenue re-
ceived by industry M listed in row 1 of table 7C.1, p1
MSq1




MS   t1
MS)q1
MS   (p1
MF   t1
MF)q1
MF in row 1 of table 7C.5. Simi-
larly, the old revenue received by industry S listed in row 4 of table 7C.1,
p2
SMq2
SM   p2
SFq2
SF, is replaced by (p2
SM   t2
SM)q2
SM   (p2
SF   t2
SF)q2
SF in row 4 of
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18. Ad valorem tax rates can readily be converted into speciﬁc taxes that are collected for
each unit sold. Usually, tax rates are lower for sales to industry purchasers compared to sales
to ﬁnal demand, but this is not always the case since exports are generally taxed at zero rates.
In any case, usually t1
MS will not be equal to t1
MF. If sales to a particular sector are not taxed,
then simply set the corresponding tax rate equal to zero. Product-speciﬁc subsidies can be
treated as negative commodity taxes.table 7C.5. The old revenue received by industry T for its deliveries of




MF, is replaced by (p1
MF   t1
MF)q1
MF   (p3
MF   t3
MF)q1
MF in row 2 of
table 7C.5. The term (p1
MF   t1
MF)q1
MF is equal to p1
MFq1
MF (the revenue that
the manufacturer gets for its sales of goods to the ﬁnal demand sector) plus
t1
MFq1
MF (the amount of commodity taxes collected by the manufacturing




MF reﬂects the additional charges that ﬁnal demanders of the good
pay for delivery of the good to the ﬁnal demand sector, and this term is
equal to the sum of p3
MFq1
MF (the transportation sector’s revenue for ship-
ping goods to the ﬁnal demand sector) plus t3
MFq1
MF (the amount of taxes
collected by the transportation sector that fall on shipping services to the
ﬁnal demand sector). Finally, the old revenue received by industry T for its
deliveries of goods shipped to the services sector listed in row 3 of table
7C.1, (p1
MS   p3
MS)q1
MS, is replaced by (p1
MS   t1
MS)q1
MS   (p3
MS   t3
MS)q1
MS in
row 3 of table 7C.5. The term (p1
MS   t1
MS)q1
MS is equal to p1
MSq1
MS (the rev-
enue that the manufacturer gets for its sales of goods to the services sector)
plus t1
MSq1
MS (the amount of commodity taxes collected by the manufactur-




MS reﬂects the additional charges that service sector demanders of the
good pay for delivery of the good to the service sector, and this term is
equal to the sum of p3
MSq1
MS(the transportation sector’s revenue for shipping
goods to the services sector) plus t3
MSq1
MS (the amount of taxes collected by
the transportation sector that fall on shipping services to the services sec-
tor). With the addition of the commodity tax terms, it can be seen that the
ﬁrst four rows of table 7C.5 are exact counterparts to the ﬁrst four rows of
table 7C.1.
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Table 7C.5 Detailed input-output table in current dollars with commodity taxes







































































































SFRow 5 in table 7C.5 is a new row that has been added to the rows of table
7C.1, and it lists (with negative signs) the commodity tax revenues raised
by the industry on its sales of products to ﬁnal demand and other indus-
tries. These tax payments to the government are costs and hence are listed
with negative signs.
The cells in row 6 of table 7C.5 are the sums down each column of the en-
tries in rows 1 to 5. Thus the entries in row 6 list the value added of each in-
dustry for industries M, S, and T.19 The row 6 entry for the ﬁnal demand
sector is simply the sum of ﬁnal demand purchases for goods, including all





MF, plus ﬁnal de-





We now come to an important diﬀerence between table 7C.1 and table
7C.5: the sum of the industry M, S, and T value added (the entries along
row 6 of table 7C.5) is no longer equal to the sum of the ﬁnal demands down
rows 1 to 4 of the ﬁnal demand column: we need to add the commodity tax
payments made by the three industries to the industry value-added sum in
order to get the sum of ﬁnal demands at ﬁnal demand prices. It is worth
spelling out this equality in some detail. Thus, deﬁne the industry M, S, and
T value added, vM, vS, and vT respectively, as follows:
(9) vM   p1
MSq1
MS   p1
MFq1
MF   p2
SMq2
SM   t2
SMq2
SM;
(10) vS   p2
SMq2
SM   p2
SFq2
SF   (p1
MS   t1
MS)q1
MS   (p3
MS   t3
MS)q1
MS;
(11) vT   p3
MFq1
MF   p3
MSq1
MS.
Notice that for each industry, outputs are valued at producer prices that
exclude the commodity taxes collected by the industry but intermediate in-
puts are valued at prices that the industry faces; that is, the intermediate in-
put prices include the commodity taxes paid by the supplying industries. In
summary, the prices for outputs and intermediate inputs that are in the def-
initions in equations (9)–(11) are the prices actually faced by the respective
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19. Note that our deﬁnition of industry value added is the value of outputs sold at pur-
chasers’ prices less the value of intermediate inputs at purchasers’ prices less commodity taxes
collected for the government by that industry. The usual deﬁnition of industry value added
does not net oﬀindustry commodity tax remittances to the government; that is, the usual def-
inition of value added does not subtract oﬀ row 5 but rather adds these commodity tax re-
mittances to primary input payments. The problem with this latter treatment of industry
commodity tax payments is that it does not provide a suitable framework for measuring in-
dustry productivity growth performance. Thus, our suggested treatment of indirect com-
modity taxes in an accounting framework that is suitable for productivity analysis follows the
example set by Jorgenson and Griliches (1972), who advocated the following treatment of in-
direct taxes: “In our original estimates, we used gross product at market prices; we now em-
ploy gross product from the producers’ point of view, which includes indirect taxes levied on
factor outlay, but excludes indirect taxes levied on output” (85). Put another way, commodity
tax payments to the government cannot readily be regarded as a payment for the services of
a primary input.industry. This is the set of prices that is best suited to a set of productivity
accounts.20 Finally, deﬁne the value of ﬁnal demands, vF, and the value of
commodity taxes, v , as follows:
(12) vF   (p1
MF   t1
MF   p3
MF   t3
MF)q1
MF   (p2
SF   t2
SF)q2
SF;
(13) v    t1
MSq1
MS   t1
MFq1
MF   t2
SMq2
SM   t2
SFq2
SF   t3
MFq1
MF   t3
MSq1
MS.
Using the deﬁnitions in equations (9) to (13), it is straightforward to ver-
ify that the following identity holds:
(14) vM   vS   vT   vF   v ;
that is, the sum of industry M, S, and T value added equals GDP (or the
value of ﬁnal demands at purchasers’ prices) less the value of commodity
taxes that fall on outputs and intermediate inputs.
In addition to adding row 5 (the industry commodity tax payments to
the government) to the rows of table 7C.1, table 7C.5 has another impor-
tant diﬀerence compared to table 7C.1: the principles of double-entry
bookkeeping are not respected in the present version of table 7C.5. The
problem is that the industry tax payments listed in row 5 of table 7C.5 are
not transferred to another column in the table. However, this deﬁciency
could be corrected by creating a government “industry” column where the
industry tax payments could be received. A more complete model of the
economy would decompose ﬁnal demand into a government sector as well
as the other traditional C   I   X – M ﬁnal demand sectors.
Table 7C.6 is the counterpart to table 7C.2 in the previous section and it
represents a consolidation of the information presented in table 7C.5. The
industry M, row 1 entry in table 7C.6 is the sum of the row 1 and row 5 en-
tries in table 7C.5 (this consolidation nets out the commodity taxes on the
manufacturing output) and the industry M, row 2 entry in table 7C.6 is
equal to the industry M, row 4 entry in table 7C.5 (the services intermedi-
ate input allocation to industry M remains unchanged). The industry S,
row 3 entry in table 7C.5 is split between rows 1 and 3 in table 7C.5 (this
splits the total intermediate input cost for industry S into a goods compo-
nent and a transportation component). The industry S, row 2 entry in table
7C.6 is equal to the sum of the industry S, rows 4 and 5 entries in table 5
(this consolidation nets out the commodity taxes on the service sector out-
puts). The industry T, row 3 entry in table 7C.6 is the sum of rows 1–5 for
industry T in table 7C.5. The table 7C.5 ﬁnal demand entry for row 2 is split
into goods and transportation services components, which are allocated to
rows 1 and 3 of table 7C.6. The ﬁnal demand for services entry in row 4 of
table 7C.5 is switched to row 2 of the ﬁnal demand column in table 7C.6.
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20. As noted earlier, these are the prices that were recommended by Jorgenson and
Griliches (1972, 85) for productivity accounts.Thus, row 1 of table 7C.6 allocates the production of goods across the
sectors of the economy, row 2 allocates the ﬂow of services and row 3 allo-
cates the ﬂow of transportation services. If we summed down each column
of table 7C.6, we would obtain the value added of industry M, vM deﬁned
by equation (9), the value added of industry S, vS deﬁned by equation (10),
the value added of industry T, vT deﬁned by equation (11), and (nominal)
GDP, vF deﬁned by equation (12). The constant-dollar input-output table
that corresponds to the nominal input-output table 7C.6 is still table 7C.3
in the previous section.
Looking at table 7C.6, it can be seen that the existence of commodity tax
wedges means it is unlikely that commodity prices are constant along the
components of each row. Again, this is unfortunate since it means that in
order to construct accurate productivity statistics for each industry, it gener-
ally will be necessary to construct separate price deﬂators for each nonzero
cell in the input-output tables.
We conclude this section by again seeing if we can obtain a counterpart
to the Moyer, Reinsdorf, and Yuskavage exact index number result in this
more complicated model where there are commodity tax wedges. Looking
at the identity in equation (14), it can be seen that since nominal GDP is
not equal to the sum of industry value added, if the value of commodity tax
revenue v  is not equal to zero, we will not be able to get an exact result un-
less we add a government commodity tax revenue “industry” to the M, S,
and T industries. Thus, we now deﬁne the value added of the commodity
tax “industry” as v , and we rewrite the identity in equation (14) as follows:
(15) vF   vM   vS   vT   v .
Now we can repeat the analysis in the previous section with a few obvi-
ous modiﬁcations. Thus, looking at equation (15) and table 7C.6, it can be
seen that there are three ways that we could calculate a Laspeyres GDP
quantity index for the economy that the table represents:
• Look at the nonzero cells in the 3  3 matrix of input-output values of
outputs and inputs for the economy represented by rows 1–3 and col-
umns M, S, and T of table 7C.6 and sum up these nonzero cells into
nine distinct p nqn transactions. Add to these nine p nqn transactions the
six tnqntax transactions that are deﬁned by the right-hand side of equa-
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Table 7C.6 Consolidated input-output table in current dollars with commodity taxes

































MFtion (13), which gives us ﬁfteen distinct price   quantity transactions
in all.
• Look at the row 5, column M, S, and T entries for the industry value-
added components listed in table 7C.5 and sum up these cells into
eight distinct p nqn transactions. Add to these eight p nqn transactions the
six tnqntax transactions that are deﬁned by the right-hand side of equa-
tion (13), which gives us fourteen distinct price times quantity trans-
actions in all.
• Look at rows 1–3 of the ﬁnal demand column in table 7C.6 and sum up
the nonzero cells into two distinct p nqn transactions.21
Denote the ﬁfteen-dimensional p and q vectors that correspond to the
ﬁrst detailed cell method of aggregating over commodities listed above as
pIO and qIO respectively, denote the fourteen-dimensional p and q vectors
that correspond to the second value-added method of aggregating over
commodities listed above as pVA and qVA respectively, and denote the two-
dimensional p and q vectors that correspond to the third aggregation over
ﬁnal demand components method of aggregating over commodities listed
above as pFD and qFD respectively. Add a superscript t to denote these vec-
tors evaluated at the data pertaining to period t. Then it is obvious that the
inner products of each of these three period-tprice and quantity vectors are
all equal since they are each equal to period-tnominal GDP; that is, we have
(16) pIOt   qIOt   pVA t  qVA t   pFDt   qFDt; t   0, 1.
Now the rest of the analysis can proceed as in the previous section; see
equations (2)–(8) and repeat this analysis in the present context. As in the
second section, it can be shown that all three Fisher quantity indexes, con-
structed by aggregating over input-output table cells or by aggregating over
industry value-added components or by aggregating over ﬁnal demand
components, are equal; that is, we have
(16) QF
IO(pIO0, pIO1, qIO0, qIO1)   QF
VA(pVA 0, pVA 1, qVA 0, qVA 1) 
  QF
FD(pFD0, pFD1, qFD0, qFD1).
Thus, we have extended the results of Moyer, Reinsdorf, and Yuskavage
to input output models where commodity tax distortions are present.22The
usual BEA Fisher contributions to growth methodology can be used in or-
der to decompose overall GDP growth into industry growth contributions
plus a commodity tax change contribution (this is the contribution to GDP
growth of the artiﬁcial commodity tax industry).
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21. The ﬁrst p nqn is (p1
MF   t1
MF   p3
MF   t3
MF)q1
MF and the second p nqn is (p2
SF   t2
SF)q2
SF.
22. Results analogous to equation (16) were derived by Diewert (2004a, 479–84) under
more restrictive assumptions; that is, each sector was assumed to face the same vector of com-
modity prices except for the commodity tax distortions.Conclusion
There are a number of important implications that emerge from the
above discussion:
• With appropriate adjustments for commodity taxes, a Fisher index of
value added growth by industry can be used to construct an indepen-
dent estimate of real GDP growth.
• The existence of transportation and selling margins and commodity
taxes means that the assumption that a single price deﬂator can be
used for productivity measurement purposes to deﬂate all of the value
cells long the row of an input-output table is likely to be a very rough
approximation at best. In principle, each nonzero cell in a nominal in-
put output table will require its own separate deﬂator.23
• The existence of commodity taxes that fall within the production sec-
tor poses special problems for statistical agencies. These taxes need to
be identiﬁed by cell position in the input-output tables instead of just
reported as a single sum for the industry as is done at present.
The last point requires a bit more explanation. Looking at table 7C.6, it
can be seen that row 2 entry for industry M is –(p2
SM t2
SM)q2
SM, which is (mi-
nus) the value of service intermediate inputs used by industry M, including
the commodity tax portion, t2
SMq2




MS, which is minus the value of materials intermediate in-
puts used by industry S, including the commodity tax portion, t1
MSq1
MS. The
row 3 entry for industry S is –(p3
MS   t3
MS)q1
MS, which is (minus) the value of
transportation services purchased by industry S, including the commodity
tax on transport services, t3
MSq1
MS. It can be shown that the existence of these
commodity tax distortions on intermediate input purchases by the private
production sector leads to a loss of overall productive eﬃciency. Thus, even
though industry M and industry S are operating eﬃciently so that they are
on the frontiers of their production possibilities sets, the consolidated pro-
duction sector is not operating eﬃciently. The explanation for this phe-
nomenon was given by Gerard Debreu (1951, 285):24 there is a loss of sys-
temwide output (or waste, to use Debreu’s term) due to the imperfection of
economic organization; that is, diﬀerent production units, while techni-
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23. In the very simple model considered in the previous two sections, there was no aggre-
gation bias in each cell of the various input-output tables that were constructed. However, in
a real-life input-output table, we will not be able to classify commodities down to a very ﬁne
level of detail. Hence, there will be a mix of related commodity transactions in each cell of an
empirical input-output table. Due to the diﬀering mixes of micro commodities in each cell, it
can be seen that each cell will require its own deﬂator and moreover, the entries along any row
of the resulting deﬂated real input-output table will not in general add up to the correspon-
ding total in the ﬁnal demand column. Thus, forcing constant-dollar input-output tables to
add up along rows will generally impose errors on the data.
24. See also Diamond and Mirrlees (1971).cally eﬃcient, face diﬀerent prices for the same input or output, and this
causes net outputs aggregated across production units to fall below what is
attainable if the economic system as a whole were eﬃcient. In other words,
a condition for systemwide eﬃciency is that all production units face the
same price for each separate input or output that is produced by the econ-
omy as a whole. Thus, the existence of commodity taxes that fall on inter-
mediate inputs causes producers to face diﬀerent prices for the same com-
modity, and if production functions exhibit some substitutability, then
producers will be induced to jointly supply an ineﬃcient economywide net
output vector. The overall size of the loss of productive eﬃciency depends
on the magnitudes of elasticities of substitution and on the size of the com-
modity tax distortions, t2
SM, t1
MS, and t3
MS.25 In order to obtain empirical es-
timates of this loss of productive eﬃciency, it is necessary to estimate pro-
duction functions or dual cost or proﬁt functions for each industry in the
economy. Thus, for the economy represented by table 7C.6, it would be
necessary to estimate three sectoral production functions (or their dual
equivalents), and hence a time series of the price quantity data in each cell
of the input-output table would need to be collected. For the econometric
estimation, it would not be necessary for the statistical agency to provide
information on the tax wedges; that is, only prices that include the tax
wedges (along with the associated quantities) would need to be provided by
the statistical agency.26However, in order to calculatethe loss of productive
eﬃciency induced by the tax wedges, t2
SM, t1
MS, and t3
MS, the statistical agency
would have to provide information on the size of these wedges.
The loss of productive eﬃciency due to the existence of taxes that fall
within the production sector of the economy is of course not the total loss
of eﬃciency that can be attributed to indirect tax wedges: there are addi-
tional losses of eﬃciency that are due to the taxes that fall on the compo-
nents of ﬁnal demand. Thus if we look down the three rows of the ﬁnal de-
mand column in table 7C.6, we see that each ﬁnal demand price has a tax
wedge included in it: t1
MF is the ﬁnal demand tax wedge for commodity 1
(the good), t1
SFis the ﬁnal demand tax wedge for commodity 2 (the service),
and t3
MF is the ﬁnal demand tax wedge for commodity 3 (the transport ser-
vice).27 Each of these three tax wedges creates some additional losses of
overall eﬃciency in the economy. In order to obtain empirical estimates of
these eﬃciency losses or excess burdens, it will be necessary to estimate
household preferences in addition to the production functions mentioned
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25. To the accuracy of a second-order approximation, the size of the loss will grow qua-
dratically in the tax rates t2
SM, t1
MS and t3
MS; see Diewert (1983, 171).
26. For examples of econometric studies that estimate sectoral production functions or
their dual equivalents, see Jorgenson (1998) or Diewert and Lawrence (1994, 2002).
27. Note that these three tax rates plus the three that appeared as taxes on intermediate in-
puts in the input-output table 7C.6 add up to the six commodity tax wedges in our model of
the economy.in the previous paragraph. For econometric estimation purposes, it is suﬃ-
cient for the statistical agency to provide ﬁnal demand prices and quanti-
ties demanded where the prices include the commodity tax wedges; that is,
only the total prices, including commodity taxes, are required for econo-
metric estimation. However, in order to calculate the deadweight loss gen-
erated by these commodity taxes, it will be necessary to have estimates of




MF.28This information is required not only so that total excess burdens can
be estimated but also so that marginal excess burdens of each tax can be es-
timated. The marginal excess burden of a tax rate is an estimate of the eﬃ-
ciency loss generated by a small increase in the tax rate divided by the extra
revenue that the increase in the tax rate generates. If reasonably accurate
information on marginal excess burdens could be made available to poli-
cymakers, this information would be very valuable in evaluating the conse-
quences of either increasing or decreasing existing tax rates.29 However, as
indicated in this paragraph and the preceding one, it will not be possible to
calculate estimates of these marginal excess burdens unless the statistical
agency makes available information on the tax wedges and the associated
quantities for each major indirect tax in the economy.
Thus, for purposes of modeling the eﬀects of indirect commodity taxes,
our conclusion is that the new architecture for an expanded set of U.S. ac-
counts that is outlined in Jorgenson and Landefeld (2004) is not quite ade-
quate to meet the needs of taxation economists. In addition to the tables
that are presented in Jorgenson and Landefeld, we need an additional table
that gives tax rates and the associated quantities (or revenues) for each cell
where the tax appears. In terms of table 7C.6, we need not only price and
quantity information for each of the nonzero cells in the table, but also
price and quantity information for the six tax revenue ﬂows in our model,













MS. An additional beneﬁt of making this information
available is that this information is also required in order to reconcile the
industry productivity accounts with the economy’s ﬁnal demand GDP ac-
counts.
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